Various diseases such as Fusarium wilt adversely affect the growth of roselle (Hibiscus sabdariffa L.) plant in various parts of the world. Two varieties (sabdariffa, altissima) of this species were inoculated in vitro and under nursery conditons. Non inoculated plants of each variety were used as control plants. The damages caused by the fungal attacks on the growth of plants was measured by their negative impact on the morphological traits such as length, width and fresh weight of leaves. According to the level of this negative impact on in vitro grown plantlets, sabdariffa plantlets were considered as more resistant to Fusarium oxysporum than altissima ones. In nursery, compared to their respective control, the values of the morphological traits of the inoculated plants increased in sabdariffa variety and decreased in altissima one. The inoculated in vitro plantlets of the sabdariffa variety had higher phenol content than those of altissima variety. In nursery, the variations of the total phenol content were negative for the sabdariffa variety and positive for altissima. Negative and highly significant correlations were observed between the resistance traits and the total phenolic content. F. oxysporum had no significant effect on photosynthesis of the plants of sabdariffa or altissima varieties.
INTRODUCTION
Roselle (Hibiscus sabdariffa L.) composed of two non fixed varieties sabdariffa and altissima, is a dicotyledonous and autogamous plant of the Malvaceae family and that is native to Africa (Boulanger et al., 1984; Gomez-Leyva et al., 2008) . It is a tetraploid species with 2n = 4x = 72 (Akpan, 2000) and widely grown in tropical and subtropical regions of both hemispheres and many areas of India and parts of Asia, America and Australia (Morton, 1987) .
The calyx is used for producing drinks or tea due to its high contents of anthocyanins (Mizukami et al., 1988; Mizukami et al., 1989; Hong and Wrostlad, 1990) , amino acids, and mineral salts (Cissé et al., 2009) . Roselle is also cultivated for its fibers and organic compounds (Cissé et al., 2009 ).
In several countries, it is used as a natural medicine for treating hypertension (Faraji and Tarkhani, 1999) , pyrexia and liver disorders (Chen et al., 2003) , microorganism growth limitation (Oboh and Elusiyam, 2004) , as well as a diuretic, digestive and sedative (Akindahunsi and Olaleye, 2003) . The fibers obtained from H. sabdariffa are generally less expensive to produce compared to fibers from most fiber crops (Fathima and Balasusbramanian, 2006) . Pharmacological studies of anthocyanins of Hibiscus showed that they have antioxydant activity in patients with atherosclerosis (Tsai et al., 2002) .
Diseases have been reported as a limiting factor to the production of roselle worldwide. The cultivated plants are susceptible to the various pathogens such as Phytophthora parasitica, Phoma sabdariffae, Rhizoctonia solani (Boulanger et al., 1984; GomezLeyva et al., 2008) and F. oxysporum (Amusa et al., 2005; Agbenin and Ogunlana, 2006) . Ooi and Saleh (1999) reported F. oxysporum as the principal causal agent of vascular wilt. For Boulanger et al. (1984) , F. oxysporum is the causal agent of stem pod of the young plants of H. sabdariffa.
In spite of its economic importance, there are a few or no report of roselle disease and selection in Côte d'Ivoire. One of the major axes of Hibiscus improvement programs consists of the development of resistant genotypes against fungal diseases. In order for future breeding programs to be carried out through hybridization of different genotypes of H. sabdariffa, a study focusing on some of the resistance mechanisms against F. oxysporum is necessary. The objective of the present study was to evaluate the resistance of cultivated plants of two varieties of H. sabdariffa at different ages in order to determine which can be used for early screening of Fusarium wilt and to relate the data to the roselle mechanisms of defense. These seeds originated from farms of Korhogo (North of Côte d'Ivoire) and Burkina Faso, were sterilised with 5 % (w/v) calcium hypochloride for 10 min and rinsed three times for 5 min each in sterile distilled water. Fungal cultures were grown on Potato Dextrose Agar (PDA, DIFCO) medium in Petri dishes incubated at 25 ± 1 °C in total darkness. Two weeks later, plates were inoculated by using an agar plug (90 mm in diameter) taken from the edge of the colony and placed at the centre of a PDA. Plate were incubated for 15 days at 25 ± 1 °C in total darkness. The tubes were closed with sterile cotton. Conidia suspension was obtained in a mixture of sterile water and detergent. 
MATERIALS AND METHODS
A : absorbance I.
When the control plants were significantly different between sabdariffa and altissima varieties, the impact of different treatments on morphological and biochemical traits was represented by the variation between each inoculated plants and the mean value of the control plants:
X 100 , where X t X i = individual values of inoculated plants X t = mean value of traits in control plants For the infected plants grown in nursery, the studied morphological traits were height of plants (HP n ), length (LL n ), width (WL n ) and fresh weight (FW n ) of leaves at 17 and 37 DAI while biochemical traits were contents of total phenols (PHE n ), chlorophyll a (Chla n ), chlorophyll b (Chlb n ), total chlorophyll (Chlt n ) and carotene (CAR n ) at 37 DA Statistical analysis: The experiment was carried out in a completely randomized design with genotype as the only source of variation. All data were analysed using SPSS 10.1 statistical software. Comparison of means between the two varieties for the different morphological and biochemical traits were realised using t-test, while the relationships between the morphological and biochemical traits and then resistance were measured using the Pearson's correlation models. RESULTS Level of resistance: The level of resistance was evaluated through the negative impact of plant inoculation with F. oxysporum on the morphological traits.
Growth performance of the control plants of the roselle was evaluated in both culture in vitro and nursery. Comparison between control in vitro plantlets of sabdariffa and altissima varieties showed no significant difference for all morphological and biochemical traits except for height of plants at 10 days (Sié, 2010) . For the morphological traits in the control plants grown in nursery, dimensions of the leaves of altissima variety were significantly higher than those of the sabdariffa variety (P < 0.05). No significant difference was observed for the plant height at 17 and 37 DAI. For the biochemical traits, control plants of the sabdariffa variety produced more contents of total phenols and chlorophyll b, than the altissima variety (Sié, 2010).
The growth performance of in vitro plantlets of roselle when they were treated with the inoculum containing 10 7 spores/ml of F. oxysporum, was listed in table 1. After 5 DAI, the height of plants, fresh weight and number of leaves of the sabdariffa variety were significantly higher than those observed in altissima variety. These values obtained in sabdariffa variety were respectively 125 %, 150 % and 131 % of those observed in the altissima variety. At 10 DAI, only the height of plants differentiated the sabdariffa variety (4.19 cm) from the altissima one (3.32 cm). Generally, the treated plants of both sabdariffa and altissima varieties had a lower growth than the control ones (Tables 2,3 ). When treated with F. oxysporum, the in vitro plantlets were not generally significantly different for the growth performance (Sié, 2010) but for the biochemical traits, only the content of total phenols 10 DAI and the content of carotene 5 DAI showed significant differences between the sabdariffa and altissima varieties (Tab. 4). Indeed, from the 5 th to 10 th DAI, the content of total phenols in sabdariffa variety increased while it decreased in altissima variety (Fig. 1) . Note that the measured total phenols at the day of the inoculation were respectively 4.95 mg.g -1 FW and 6.40 mg.g -1 FW for sabdariffa and altissima varieties. Means within the same column followed by the same letters are not significantly different ns : not significant at 5% * : significant at 5 % ***: significant at 0.1% FW v 5DAI: fresh weight of leaves at 5 days after inoculation HP v 5DAI: height of plants at 5 days after inoculation NL v 5DAI: number of leaves at 5 days after inoculation Means within the same column followed by the same letters are not significantly different ns : not significant at 5% * : significant at 5 % **: significant at 1% ***: significant at 0.1% FW v 5DAI: fresh weight of leaves at 5 days after inoculation HP v 5DAI: height of plants at 5 days after inoculation NL v 5DAI: number of leaves at 5 days after inoculation Means within the same column followed by the same letters are not significantly different ns : not significant at 5 % * : significant at 5% ***: significant at 0.1 % PHE v 5DAI: content of total phenols at 5 days after inoculation Chla v 5DAI: content of chlorophyll a at 5 days after inoculation Chlb v 5DAI: content of chlorophyll b at 5 days after inoculation Chlt v 5DAI: content of total chlorophyll at 5 days after CAR n 5DAI: content of carotene at 5 days after inoculation inoculation Means within the same column followed by the same letters are not significantly different ns : not significant at 5% *** : significant at 0.1 % HP n 17D : height of plants at 17 days HP n 37D : height of plants at 37 days LL n 37D: lenght of leaves at 37 days WL n 37D: width of leaves at 37 days FW n 37D: fresh weight of leaves at 37 days Means within the same column followed by the same letters are not significantly different ns : not significant at 5 % ** : significant at 1% *** : significant at 0.1 % PHE n : content of total phenols Chla n : content of chlorophyll a Chlb n : content of chlorophyll b
Chlt n : content of total chlorophyll CAR n : content of carotene In nursery, there was no significant difference between the treated plants of sabdariffa and altissima varieties for the biochemical traits (Sié, 2010). Table  5 presents the variation between the treated plants and those used as control in sabdariffa and altissima varieties for morphological traits. The length, the width and the fresh weight of leaves in treated plants of sabdariffa variety, increased (+13.04 % to 51.26 %) compared to their control plants while these traits decreased (-33.22 % to -59.20 %) in altissima variety. Treatment had a significant and negative effect on the genotypes of altissima variety but seemed to be favourable to sabdariffa genotypes. Altissima could be considered as a susceptible variety to F. oxysporum and sabdariffa, as a resistant one.
Compared to the control plants in both varieties (Tab. 6), the contents of the total phenols and the chlorophyll b decreased highly in sabdariffa variety (respectively -49.07 % and -4.84 %) while these traits increased in altissima variety (respectively +185.99 % and +34.12 %). These differences for these traits were significant between the two varieties. Correlations between morphological and biochemical traits for resistance: Fifteen out of 91 correlations were significant at the 5 % probability level (Tab. 7). Because of natural strong and positive correlations between the traits concerning dimensions of leaves, only the coefficients of correlations between the morphological traits and the biochemical ones were considered in this work. However, height of in vitro plantlets 5 DAI was fairly and significantly correlated to height of plants 17 DAI in nursery (r = 0.511).
The content of total phenols was significantly and negatively correlated with the length, width and fresh weight of leaves in the treated plants. A strong and negative correlation was observed between the content of total phenols and the leaf fresh weight (r = -0.741). When the resistance of plants was high with a high weight of leaves, the content of total phenols was lower. .304 ns ns : not significa nt at 5 % *: significant at 5 % ** : significant at 1% *** : significant at 0.1 % PHE n 37DAI: content of total phenols at 37 days after inoculation Chla n 37DAI: content of chlorophyll a at 37 after days inoculation Chlb n 37DAI: content of chlorophyll b at 37 days after inoculation Chlt n 37DAI: content of total chlorophyll at 37 days after inoculation CAR n 37DAI: content of carotene at 37 days after inoculation HP n 17DAI : height of plants at 17 days after inoculation LL n 37DAI: lenght of leaves at 37 days after inoculation WL n 37DAI: width of leaves at 37 days after inoculation FW n 37DAI: fresh weight of leaves at 37 days after inoculation HP v 5DAI: height of plants at 5 days after inoculation NL v 5DAI: number of leaves at 5 days after inoculation spores/ml differentiated the two varieties for weight, height and number of leaves at 5 DAI. The individuals of sabdariffa variety were more resistant than the altissima ones. In date palm which were grown in nursery, resistant varieties against F. oxysporum were screened with 20 ml of 10 4 and 10 6 res/ml (Sedra and Besri, 1994) and 4.10 6 res/ml (El Modafar et al., 1999) . For ora palmivora, pathogenic fungus of other ae such as cocoa tree, concentration of the sed inoculum were 3.10 5 spores/ml (Tahi et al., 000; Tahi et al., 2006) . n nursery, when the variation between the treated nsidered, the meters length, width and weight of leaves sed for sabdariffa variety while these traits ecreased for altissima variety. These results relative resistance of sabdariffa variety sceptibility of altissima variety. Such sceptibility of certain plants against F. oxysporum served in Strawberry (Zhao et al., 2009) . of evaluation of the disease impact on ng of the growth parameters omass were also used in strawberry (Zhao et ., 2009) . In nursery this method seemed to express amages caused by the pathogenic agent toms used in other plants or P. palmivora (Tahi et al., 2000) .
he contents of total phenols in both treated varieties sabdariffa and altissima) were higher than their nts. The content in total phenols, which are efense mechanisms against pathogens ral plants such as date palm (Ziouti et al., ) , apple tree (Michaelek et al., 1996 (Michaelek et al., ) or cassava gbo et al., 2007 Dogbo et al., 2008) , was higher with F. oxysporum than the control s in both varieties. These compounds could be roduced in response to the attacks of pathogens.
hen the time course accumulation of total phenols s considered from the day of the inoculation, this sed continuously in altissima variety. In dariffa variety the content of total phenols sed gradually from the day of the inoculation th DAI and then increased. Moreover, the of total phenols in altissima variety was r than that which was observed in sabdariffa s in our study was probably osed of certain compounds which would be lavanes, flavonoids and hydroxycinnamic acids occurred in date palm exposed to F. oxysporum (Ziouti et al., 1992; El-Hadrami et al., 1996; Ramos et al., 1997) . Thus, the decrease of the total phenols could be one of the constitutive compounds in sabdariffa variety while other non-constitutive phenolic compounds were gradually accumulated. This result was similar to those exhibited in date palm inoculated with F. oxysporum (Ramos et al., 1997) . The responses of resistance in H. sabdariffa var. sabdariffa could be due to systemic induced resistance (SIR) described in carnation (Peer et al., 1991; Postma and Rattink, 1992) , cucumber (Mandeel and Baker, 1991) and cassava (Dogbo et al., 2008) . In H. sabdariffa var. altissima which is susceptible to F. oxysporum, the SIR was not efficient in spite of the high content of the phenolic compounds. The presence of these total phenols in altissima variety was probably constitutive and not essential in defense mechanisms. These compounds could be flavanes such as those observed in Solanum khasianum (Mühlenbeck et al., 1996) . The role of phenols has been cited in a number of defense mechanisms against fungus in certain plants ( Kuwabara and Katoh, 1999; Gümez-Vasquez et al., 2004) .
The contents of the total phenols in the treated plants of sabdariffa variety (resistant variety) decreased significantly in nursery while it strongly increased in the treated plants of altissima variety (susceptible variety). This response could be explained by the high production and activity of polyphenoloxidase (PPO) which oxidises certain phenols into highly toxic quinones which were considered to play an important role in disease resistance (Concellün et al., 2004; Colak et al., 2005; Schweiggert et al., 2005; Dogbo et al., 2008; Damodaran et al., 2009 ).
There were no significant differences between resistant variety and susceptible variety for total chlorophyll and carotenes in culture in vitro and nursery. The attacks of plants by F. oxysporum had no significant effect on photosynthesis in H. sabdariffa. This result was similar to those obtained in strawberry (Zhao et al., 2009) . Nevertheless, the negative action of F. oxysporum on roselle photosynthesis grown in rainy forest of Nigeria (Amusa et al., 2005) would be induced by the coordinated effect of another pathogenic agent. Such coordinated effect between F. oxysporum and biotic or abiotic agent induced the negative effects on photosynthesis in strawberry (Zhao et al., 2009) .
Vegetative vigor of in vitro plantlets which were grown in tubes containing the MS medium was fairly correlated to vigor of plants in nursery. Thus, vigor observations in culture in vitro can explain a part of variation of this trait in nursery and can be used for the early screening of the adult vigor. For Darvishzadeh (2007) , the fair correlations could be used to screen some genotypes at early stage.
Resistance of different inoculated plants represented by the high values of length, width and weight of leaves was negatively and significantly correlated to the content of total phenol. This result was another proof of early screening of resistance of H. sabdariffa plants against F. oxysporum. It is different from the result observed in Musa (Damodaran et al., 2009) . Nevertheless, this method of rapid screening of resistant genotypes could be used in improvement program of H. sabdariffa such as that used in cocoa tree (Tahi et al., 2006) .
